follows from practical applications, one of the most suitable approaches for AMB control seems to be that of LinearQuadratic (LQ) optimal control [1] - [3] . We shall use the following interpretation of this method. Consider (2) where ρ is a positive weighting scalar. As evident from (2) It should be mentioned that x(t), q(t) and u(t) can also be taken as complex vectors, with a complex system matrix A and a Hermitian Riccati matrix P, and with the "T" denoting the conjugate transposition. The complex variable notation is often used in dynamic analysis and control of rotational systems (see, for example, [4] , [5] , and references therein). Since the order of a system treated in the complex state-space approach is half of that in the real approach, the optimal controller design is far simpler and more One of the problems considered is that of designing a typical linear One-Degree-Of-Freedom (1-DOF, or secondorder) current control system. The LQ-design for this system is well-studied for the limiting cases ∞ → ρ ("expensive" control) and 0 → ρ ("cheap" control), [6] . In this paper the LQ-problem is solved for an arbitrary value of ρ. For convenience of designers, parameter ρ is expressed in terms of the undamped natural frequency of the closed-loop system to provide a more physically intuitive interpretation.
The other design problem considered is that of designing a common 5-DOF voltage control system for suspending a rigid gyroscopic rotor which has linear mechanical and nonlinear electromagnetic subsystems. The mechanical subsystem consists of three 1-DOF (or second-order) systems which describe translational motions of the rotor, and one 2-DOF (or fourth-order) gyroscopic system which describes rotational motions of the rotor. In this paper the LQ-optimal control forces and moments are found. It should be noted that in the case of the 2-DOF system a fourth-order real (or a second-order complex) Riccati equation is analytically solved.
The optimal control currents and voltages are determined from the electromagnetic subsystem in such a way that they produce the optimal forces and moments and, at the same time, minimize copper losses in the coils. Such an approach leads to the switching drive control or the so-called external linearization [6] . Because of errors in tracking the control currents, the problem of stability of the closed-loop system arises. In this paper the problem is treated theoretically by using the Van der Pol method, and by simulations and experiments.
The other problem discussed in the paper is the simplification of the controller obtained. This controller is switching, multi-coupled and speed-dependent, i.e. relatively complicated; controller simplification might be considered advisable. However, it is shown that there are applications where simplifying the controller leads to a significant deterioration of the system perfomance.
II. ONE --DOF AMB SYSTEM
The model of the system is shown in Fig.1 . The system incorporates a ferromagnetic body of mass m and two counteracting electromagnets with coil currents i 1 and i 2 .
The body can move only in the y-direction. The goal is to stabilize the body at the operating point given by the bias currents i 1 =i 2 =i 0 and the reference position y=0 at which both the air gaps have the nominal value δ. ) (
where the feedback gains are given by
In order to avoid using the weighting parameter ρ in (7), we reduce the characteristic polynomial of the optimal closed-loop system (5) and (6), 
, and
Thus, (6) and (8) (5), (6) and (8) We write the Lagrange-Maxwell dynamic equations in the form
Note that (9) describes the translational motions of the rotor, and that (10), which is coupled by the gyroscopic terms, describes the tilting motions. Equation (11) represents the balance of EMFs and voltages.
The control goal is to stabilize the rotor at the reference position q=0 so that minimization of the perfomance index (2) (where u now denotes the magnetic forces F) and the copper losses in the AMB coils is provided. Decomposing the suspension system (9)-(11) into the mechanical subsystem (9), (10) Ω . It is evident, then, that the optimal feedback gains are not constant; they vary with the rotational speed ω in accordance with (13). Note that an optimal speed-dependent controller for AMB is discussed by several authors (for example [6] , [9] ), but all of them use numerical approaches.
Let us consider now the second stage of the control design problem. The goal is to find the currents i=i 0 and voltages v=v 0 which produce the optimal generalized forces 
The physical sense of algorithm (15) is obvious : depending on the sign of the force Q 1 0 , it is only the first or only the second electromagnet that operates. Note that such a driving mode is known as the external linearization [6] . 
Consider the control law given by 
IV. ANALYSIS OF STABILITY
For simplicity, we analyze stability of the 1-DOF closedloop system with controlled coordinate x 1 and the actuator shown in Fig.4 Note that the system instability results from the phase lag of the actual force Q 1 (t), and that τ is equal to the time of the system transition from point 2 into point 3 (Fig. 5) .
V. NUMERICAL AND EXPERIMENTAL RESULTS
To illustrate the validity of the stability condition a cryogenic turboexpander [7] is used here as an example.
We have the following parameters: m=2.3 kg, δ=0.3 mm, kp=0.924, kL=11.5⋅10 -6 Hm. Numerical simulation has been conducted by integrating (19)- (23) and radial correcting (k 3 ) factors with rotational speed. Step responses of suspension system:
(1) τ=1.4 ms, (2) τ=2.8 ms, (3) τ=5.6 ms. 
